Background: Early palliative care interventions enhance patient outcomes, including quality of life, mood, and coping, but it remains unclear whether certain subgroups of patients are more likely to benefit from early palliative care. We explored whether age and sex moderate the improved outcomes seen with early palliative care.
What this paper adds?
• • Using data from a randomized trial of early palliative care, we demonstrated that age and sex moderate the effects of early palliative care on quality of life, depression symptoms, and coping strategies in patients with advanced lung cancer. • • Specifically, we found that younger patients with lung cancer who received early palliative care reported increased use of active coping and decreased use of avoidant coping, but the effects of early palliative care on these outcomes were not significant for older patients. • • Male patients with lung cancer who received early palliative care reported better quality of life and lower depression scores, but the effects of early palliative care on these outcomes were not significant for female patients.
Implications for practice, theory, or policy
• • These results suggest that patients' clinical and sociodemographic factors may modify both their cancer experience and palliative care needs. • • Our findings underscore the importance of accounting for age and sex in future efforts to develop supportive care interventions tailored to the unique needs of patients with advanced cancer.
Introduction
Early integration of palliative care with oncology care often benefits patients with cancer. Studies demonstrate that patients with advanced cancer who receive early palliative care experience improved quality of life (QOL), mood, and coping. [1] [2] [3] [4] [5] [6] Based on this evidence, the American Society of Clinical Oncology (ASCO) recommends the involvement of palliative care early in the course of illness for patients with advanced cancer or high symptom burden. 7, 8 Thus, the demand for palliative care services continues to rise. [9] [10] [11] [12] [13] [14] However, minimal research is available to clarify whether certain subgroups of patients are more or less likely to experience the benefits of early palliative care. We therefore lack data regarding how best to tailor the integrated palliative care model to each individual's unique care needs. Patients' palliative care needs likely differ according to their unique sociodemographic and clinical characteristics.
In prior work, we demonstrated that patients' demographic factors, such as age and sex, moderated the improvements in QOL and mood seen with early palliative care. 15 Specifically, we found that males and younger patients who received early palliative care experienced better QOL and mood than those assigned to usual oncology care alone, yet these outcomes did not differ significantly between treatment groups for females or older patients. However, this study involved only patients with advanced non-small cell lung cancer, and we lacked information about other important outcomes, such as patients' use of coping strategies. Notably, patients' use of certain coping strategies differs by age and sex. [16] [17] [18] [19] Moreover, a recent study of early palliative care in patients with advanced lung and gastrointestinal cancer demonstrated differential effects by cancer type. 20 Thus, while data suggest that the benefits of palliative care may differ according to patients' distinct clinical and sociodemographic characteristics, additional research is needed to define the differential effects of palliative care models in order to inform efforts to provide palliative care services personalized to the unique needs of each patient with cancer.
In this study, we sought to corroborate and expand upon prior findings by exploring whether age and sex moderate the effects of palliative care on QOL, depression symptoms, and coping strategies among patients with advanced lung and gastrointestinal malignancies participating in a randomized trial of early palliative care. Specifically, we hypothesized, based on our prior work, that the benefits of early palliative care would be greater for males and younger patients. 15 By studying the differential effects of early palliative care based on patients' age and sex, we hope to better understand how these factors modify both their cancer experience and palliative care needs. Findings from this work will aid in the development of strategies to tailor care to the specific palliative care concerns of patients with cancer and establish a framework for personalized palliative care.
Methods

Study design
We conducted a secondary, exploratory analysis of data collected from a randomized trial of early palliative care integrated with oncology care compared with usual oncology care. 20 The study procedures have been previously described, but briefly, we randomly assigned patients in a 1:1 fashion with newly diagnosed, incurable lung or non-colorectal gastrointestinal malignancies to receive early palliative care integrated with oncology care or oncology care alone. Patients assigned to early palliative care met with a member of the outpatient palliative care team, which consisted of board-certified palliative care physicians and advanced practice nurses, within 4 weeks after enrollment and at least monthly thereafter until death. Patients assigned to usual oncology care were not referred to palliative care unless requested by the patient, family, or oncologist. The DanaFarber/Harvard Cancer Care institutional review board approved the study protocol.
Patient selection
In the parent trial, we enrolled 350 patients with newly diagnosed (within the previous 8 weeks) incurable lung or non-colorectal gastrointestinal cancer presenting to Massachusetts General Hospital (MGH) from May 2011 to July 2015. Patients were also required to receive their care at MGH, be at least 18 years of age, have no history of therapy for metastatic disease, have an Eastern Cooperative Oncology Group performance status of 0-2, and be able to read and respond to questions in English or complete questionnaires with minimal assistance from an interpreter. We excluded patients already receiving palliative care services, those needing immediate referral for palliative care or hospice, and those with significant psychiatric or other comorbid disease prohibiting participation.
Study measures
Data collection. Study participants completed a demographic questionnaire and baseline self-report measures following written, informed consent and prior to random assignment. We conducted follow-up assessments 24 weeks following enrollment (or within 3 weeks of this time point). Participants self-reported their race, ethnicity, religion, relationship status, education, presence of dependent children, and annual income. We reviewed electronic health records to obtain participants' age, sex, Eastern Cooperative Oncology Group performance status, and cancer diagnosis, stage, and therapy.
QOL. We evaluated patients' QOL using the Functional Assessment of Cancer Therapy-General (FACT-G), which has been validated for use in multiple care settings and with diverse tumor types. 21 The FACT-G assesses patients' well-being across four domains (physical, functional, emotional, and social) during the prior 7 days, with higher scores indicating better QOL.
Depression symptoms.
We assessed patients' mood symptoms using the Patient Health Questionnaire 9 (PHQ-9). 22 The PHQ-9 is a 9-item measure that evaluates symptoms of major depressive disorder according to criteria from the Diagnostic and Statistical Manual of Mental Disorders IV, with higher scores indicating worse depression symptoms.
Coping strategies. We used the Brief COPE to assess patients' use of coping strategies. The Brief COPE is a 28-item questionnaire that assesses 14 coping strategies using two items for each strategy. 23 To minimize questionnaire burden for participants, we limited our assessment to the following seven coping strategies (i.e. 14 items), which we felt were most appropriate for our study population: emotional support, positive reframing, active, acceptance, self-blame, denial, and behavioral disengagement. Consistent with recommendations to create higher order factors among the coping strategies assessed using the Brief COPE, 24 we conducted a higher order factor analysis, and this revealed a two-factor solution, which we used previously. 6, 25 One of the higher order factors included active coping, positive reframing, and acceptance, which we labeled "active coping" since these strategies actively engage in addressing the problem. The second higher order factor consisted of denial and self-blame, which we refer to as "avoidant coping." Higher scores on each factor indicate greater use of those strategies.
Statistical analysis. We used descriptive statistics to describe patient demographics and study variables. Based on prior work demonstrating a differential effect of early palliative care based on cancer type, 20 we compared baseline differences between patients with lung and gastrointestinal cancer and performed all moderation analyses within these separate cancer type subgroups. In addition, we used an age cut-off of ⩾65 years for age subgroup analyses, consistent with prior research. [26] [27] [28] [29] To assess the degree to which patients' age and sex moderated the effects of early palliative care on QOL (FACT-G), depressive symptoms (PHQ-9), and coping strategies (Brief COPE) at Week 24, we computed separate linear regression models for each outcome that included the following independent variables: baseline criterion scores, group assignment, the moderating variable (age or sex), and an interaction term between group assignment and the moderating variable. We considered interaction terms with p < 0.15 to indicate potential moderation worth exploring subsequent subgroup differences. 30, 31 Specifically, we then used linear regression to determine the effects of early palliative care on QOL, depression symptoms, and coping strategies within the subgroups of age and sex. To help illustrate these findings, we compared Week 24 QOL, depression symptoms, and coping strategies between study groups by age and sex using independent samples Student's t-tests. We used SPSS version 20 for statistical analyses.
Results
Participant sample
Of 480 eligible patients, 350 (72.9%) enrolled in the study. We found no significant differences in the age, sex, or cancer type of the patients enrolled in the study versus those not enrolled (Supplemental Table 1 ). Patients offered the study who refused study enrollment most often cited that they were "not interested in the study" (50.4%). As shown in Table 1 , just over half had a diagnosis of lung cancer (54.6%), were age ⩾65 (51.7%), and male (54.0%). Table 2 ).
Outcomes by patients' age
Using linear regression, we found that patients' age did not moderate the effects of early palliative care on QOL and depression symptoms. However, patients' age did moderate the effect of early palliative care on use of avoidant coping strategies (age × group assignment, unstandardized coefficient (B) = 0.98, standard error (SE) = 0.58, 95% confidence interval (CI) = −0.18 to 2.13, p = 0.097) among patients with lung cancer. Specifically, subsequent subgroup analyses by age (Table 2) showed that, among younger patients with lung cancer (i.e. age <65 years), early palliative care decreased the use of avoidant coping (B = -0.97, SE = 0.41, 95% CI = -1.78 to −0.16, p = 0.020) but had no effect on this outcome for older patients with lung cancer. As illustrated in Figure 1 , the use of avoidant coping decreased from baseline to Week 24 for both younger and older patients with lung cancer, whereas those assigned to usual oncology care had relatively stable use of avoidant coping over time. Notably, the differences in use of coping strategies between those assigned to early palliative care versus usual oncology care only reached statistical significance among the younger patients with lung cancer. Moreover, we found that the avoidant coping outcome was not normally distributed, and therefore we ran sensitivity analyses with log transformed data, which confirmed our findings.
In addition, although we did not observe a significant moderation effect by age on active coping strategies, subsequent subgroup analyses revealed that early palliative care also led to increased use of active coping (B = 1.74, SE = 0.74, 95% CI = 0.26-3.23, p = 0.022) among younger patients with lung cancer. This relationship did not reach the threshold for statistical significance in older patients. Figure 1 illustrates that the use of active coping increased from baseline to Week 24 for the younger and older patients with lung cancer assigned to early palliative care, but use of active coping decreased during this time for both younger and older patients assigned to usual oncology care. Finally, we found no other significant moderation effects of early palliative care by patient age in either the lung or gastrointestinal cancer groups.
Outcomes by patients' sex
Using linear regression, we found that patients' sex moderated the effects of early palliative care on QOL (sex × group assignment, B = -8.61, SE = 4.90, 95% CI = -18.31 to 1.10, p = 0.082) and depression symptoms (sex × group assignment, B = 2.89, SE = 1.64, 95% CI = -0.35 to 6.14, p = 0.080) for patients with lung cancer. However, patients' sex did not moderate the effect of early palliative care on use of avoidant or active coping strategies. In subsequent subgroup analyses by sex (Table  3) , we found that, among male patients with lung cancer, early palliative care resulted in improved QOL (B = 9.31, SE = 3.66, 95% CI = 1.98-16.65, p = 0.014) and lower depression symptom scores (B = -2.82, SE = 1.13, 95% CI = -5.08 to −0.55, p = 0.016). However, early palliative care did not have significant effects on the QOL and mood of female patients. We found no significant moderation effects of early palliative care by sex among patients with gastrointestinal cancer. As illustrated in Figure 2 , QOL increased from baseline to Week 24 for male patients with lung cancer assigned to early palliative care, yet the QOL for males with lung cancer assigned to usual oncology care decreased from baseline to Week 24. Notably, female patients with lung cancer experienced improved QOL regardless of their treatment group assignment. Similarly, Figure 2 also illustrates that male patients with lung cancer assigned to early palliative care experienced decreased depression symptom scores from baseline to Week 24, whereas those assigned to usual oncology care had increased depression symptom scores over time. Again, female patients with lung cancer in both the early palliative care and usual oncology care arms experienced reduced depression symptom scores over time.
Discussion
In this secondary, exploratory analysis of data from a randomized trial assessing the impact of early palliative care among patients with advanced lung and gastrointestinal cancer, we found that age and sex moderated some of the benefits derived from early palliative care. We demonstrated that patients' age moderated the effects of early palliative care on coping strategies among those with lung cancer. We also found that, among those with lung cancer, patients' sex moderated the effects of early palliative care on QOL and depression symptoms. Notably, we found no significant moderation effects on these outcomes by age or sex among patients with gastrointestinal cancer, potentially related to our prior data suggesting a lack of significant intervention effects for QOL and depression scores by 24 weeks in the gastrointestinal cancer cohort. 20 Collectively, these findings corroborate our previous results, 15 and provide additional evidence demonstrating the potential differential effects of early palliative care based on patients' age and sex.
Our work highlights the importance of accounting for age and sex in future efforts to develop supportive care interventions tailored to patients' unique needs. A more comprehensive understanding about how patients' clinical and sociodemographic characteristics may relate to their palliative care needs can be informative in (1) enhancing current models of care by providing personalized palliative care services; (2) identifying patients who may benefit most from targeted interventions; and (3) developing novel care models tailored to patients' unique care needs to improve outcomes. By demonstrating the differential effects of early palliative care based on patients' age and sex, our study underscores the need to account for patients' unique clinical and sociodemographic factors when designing palliative care interventions and will help inform future efforts to enhance outcomes for patients with advanced cancer and better support this population with diverse care needs.
To our knowledge, this is the first study to report that the effects of palliative care on patients' coping outcomes differ according to their age. We found that early palliative care helped younger patients with lung cancer adopt more active coping strategies and utilize less avoidant coping mechanisms, but these benefits were not significant for the older patients in our study. Clinically, these findings are important, as evidence suggests that the use of active coping behavior is associated with better QOL and mood, and that patients' coping strategies may mediate the benefits of palliative care. 6, 18, 32 Thus, in future work, investigators should seek to understand the mechanisms underlying the improvements in coping seen for the younger patients with this early palliative care model, while also investigating novel models of care adapted to the unique needs of older adults with advanced cancer in order to enhance outcomes for these patients. [33] [34] [35] As the population of aging individuals continues to increase, 36 it is imperative that we design oncology care models targeting the unique palliative and geriatric care needs of older adults with cancer.
Importantly, we also demonstrated that patients' sex moderated the impact of early palliative care for patients with lung cancer. As with our prior study, male patients with lung cancer assigned to early palliative care experienced better QOL and mood compared with those assigned to usual oncology care, but these outcomes were not significantly different for the female patients. 15 Importantly, the mean QOL difference of nearly 10 points among the supportive care services, which may ensure they have their supportive care needs appropriately met through various mechanisms. [39] [40] [41] Therefore, our findings support that patients' sex qualifies their experience with early palliative care, providing further evidence of the significant benefits that early integration of palliative care can have on the QOL and mood outcomes of male patients with advanced lung cancer. Our study has several limitations. First, this was an exploratory analysis, and prospective studies designed to test the differential effects of early palliative care across specific clinical and sociodemographic characteristics are still needed. Second, our study included a homogeneous sample from a tertiary cancer center with a specialized palliative care team, limiting our ability to generalize findings to patients outside of this population and care setting. Specifically, we focused on patients with incurable lung and non-colorectal gastrointestinal malignancies and we cannot comment on whether our results would apply to patients with other cancer types. Third, the current analysis involves one specific model of palliative care, and thus, the results may not apply to different care models. Finally, we are unable to account for potentially important unmeasured confounds, including functional status, social support, and cognition. We focused our current analysis on age and sex as moderators, but future research into the differential effects of palliative care based on certain clinical and sociodemographic factors should also address whether other potentially important characteristics are associated with patients' experience with palliative care.
In summary, we demonstrated differential effects of early palliative care based on patients' age and sex. We found that younger patients with lung cancer who received early palliative care reported increased use of active coping and decreased use of avoidant coping, but these benefits were not significant for older patients. In addition, our results demonstrate that male patients with lung cancer who received early palliative care experienced improved QOL and mood, yet female patients did not experience these same significant effects. These results help corroborate findings from our previous work and further our understanding about how patients' clinical and sociodemographic factors may modify both their cancer experience and palliative care needs. Expanding on this work, future investigators may seek to develop strategies for tailoring and personalizing palliative care services to the individual supportive care needs of patients with advanced cancer.
